Neosporosis is caused by an obligate intracellular protozoan, Neospora caninum. It is considered one of the most widespread and frequent causes of abortion in cattle worldwide. To evaluate the prevalence of anti-N. caninum antibodies and associated risk factors, serum samples were collected from 2,452 bovines at 262 farms in the northern Pantanal, state of Mato Grosso, Brazil. Each farmer was asked to fill out a questionnaire for subsequent epidemiological data analysis. Anti-N. caninum antibodies were detected by means of the indirect immunofluorescent assay (IFA), using a cut-off dilution of 1:100. The overall anti-N. caninum antibodies prevalence was 25.44% (Confidence Interval -CI 95%; 20.10%; 30.78%), and the anti-N. caninum antibodies prevalence per herd was 76.72% (CI 95%; 71.60%; 81.84%). The presence of dogs, occurrence of abortion in cows, and sale of cattle for breeding were statistically associated with seropositivity in herds, while the risk of females being seropositive for N. caninum was higher in animals ≤ 6-years-old and in the presence of dogs. A spatial analysis indicated that the relative risk of the disease is spatially constant and that the farms with the highest prevalence of anti-N. caninum antibodies are located south of the region under study.
Seroprevalence, spatial analysis and risk factors of infection with

Introduction
Neosporosis is one of the most widespread and frequent causes of bovine abortion and stillbirths around the world (MCALLISTER, 2016) , leading to huge economic losses (REICHEL et al., 2013) . This disease is caused by an obligate intracellular protozoan, Neospora caninum, which belongs to the phylum Apicomplexa, class Sporozoa, order Eucoccidiorida and the family Sarcocystidae (DUBEY et al., 2002) .
Transmission to bovines occurs through the ingestion of sporulated oocysts released into the environment by the definitive host, particularly domestic dogs (Canis familiaris) (DONAHOE et al., 2015) . Infection may also occur, and herd infection levels may be maintained through transplacental infection by infected cows during gestation (exogenous transmission), or through reactivation of existing bradyzoites in the body of the infected cow (endogenous transmission). In both cases, the tachyzoites cross the placental barrier during gestation (TREES & WILLIAMS, 2005) .
The Pantanal is the largest continuous floodplain in the world. It is located in central South America, in the Upper Paraguay River basin, encompassing parts of Brazil, Paraguay and Bolivia. In Brazil, the Pantanal covers a region of ~140,000 km 2 , 35% of which is located in the state of Mato Grosso and corresponds to 7% of the state. The main economic activity in the Pantanal is grass-fed cattle farming, mainly in the stages of breeding and finishing, with ~2.09 million head distributed on 7,772 ranches, representing 7.32% of the state's cattle herd. Mato Grosso has the largest cattle herd in the country, with ~28.5 million animals distributed on 102,162 ranches (ABREU et al., 2010; INDEA, 2014) .
Cattle farming is one the state's most important economic activities. Mato Grosso beef exports generated 1.2 billion USD in 2014. This represents 18.71% of all Brazilian beef exports (ACRIMAT, 2015) . In 2015, Mato Grosso produced 1.17 million tons of beef, and was Brazil's second largest exporter, exporting a total of 298 thousand tons (ACRIMAT, 2016) . In Brazil, annual economic losses in dairy farming due to neosporosis have been estimated at 51.3 million USD (varying between 35.8 and 111.3 million dollars). N. caninum-related losses in Brazil's beef industry have been estimated at 101 million dollars (varying from 63.6 to 111.7 million), according to Reichel et al. (2013) .
This study focused on an investigation into the presence of anti-N. caninum antibodies in bovines and in the identification of associated factors that affect anti-N. caninum antibodies prevalence in cattle herds in the northern Pantanal wetland of Mato Grosso state, Brazil.
Materials and Methods
Study area
Farms in the municipalities of Cáceres, Poconé, Barão de Melgaço, Santo Antônio de Leverger and Nossa Senhora do Livramento located in the northern Pantanal, within the Mato Grosso state, were chosen for this study (Figure 1 ).
Serum collection and epidemiological information
Serum samples were collected primarily for another study on the epidemiology of brucellosis in bovines in the state of Mato Grosso, which was conducted from September to December 2014 (BARDDAL et al., 2016) . Initially, the state was divided into regions, taking into consideration the different production systems, management practices, types of operation, average herd sizes, animal commercialization system, and the operational capacity of the animal health protection service. Within each of these regions, a predetermined number of farms with reproductive activity (primary sampling units) were randomly chosen. This process was based on farm records maintained by the Mato Grosso Institute for Agricultural Defense (INDEA-MT). Within each selected farm, a predetermined number of cows aged over 24 months were drawn at random (secondary sampling units). In the northern Pantanal ecoregion 3,024 animals were sampling at 262 farms (BARDDAL et al., 2016) .
The proportion of samples in the five municipalities located in the northern Pantanal was verified in the database generated by Barddal et al. (2016) , and the farms sampled for the present study were proportionally drawn using the Microsoft Excell 2010, according to the sample calculation described below. Sampling of animals at each farm remained the same as the study conducted by Barddal et al. (2016) . Concomitant to sampling, each farmer was asked to fill out a questionnaire for subsequent epidemiological data analysis.
Sampling
Sampling was done in two stages. The first involved selecting a preestablished number of random farms (primary sampling units) to estimate disease foci, which resulted in the sampling of 262 farms (Table 1) . After this, a preestablished number of cows aged over 24 months (secondary sampling units) were selected.
The random draw was carried out at the farm by the Official Veterinarian responsible for sampling, taking into consideration the total number of females aged over 24 months as described below. The sample size was calculated using the algebraic expression (SCHEAFFER et al., 2011) :
where n is size of the population, p is the prevalence to be estimated, d is the margin of error or maximum error of the estimation, z_(α/2) is a tabulated value of the normal distribution and deff is the effect of the sample design. This is used to estimate proportions, considering 50% as absolute prevalence of anti-N. caninum antibodies, 6% as an estimate of maximum error, 95% as confidence interval (CI) and 1.5 as experimental design effect.
The sampling plan for the secondary units was aimed at estimating the minimum number of animals to be examined on each farm to determine whether it was a focus of bovine neosporosis. To this end, the concept of aggregated sensitivity and specificity was used (DOHOO et al., 2003) . The sample size needed to estimate herd sensitivity and specificity values of ≥ 90% was chosen using the Herdacc version 3 software program. Considering the secondary sampling unit, sample size was preestablished according to the number of cows older than 24 months on each farm. In farms with up to 99 female bovines, 10 animals were sampled; 15 animals were sampled in farms with 100 or more female animals older than 24 months. All the animals were sampled on farms that had fewer than ten cows. Thus, 2,452 serum samples were collected (Table 1) .
Indirect immunofluorescence assay
Serum samples were tested by means of indirect immunofluorescence assay (IFA) to detect the presence of N. caninum antibodies, as described by Dubey et al. (1988) . N. caninum tachyzoites (isolate NC-1) maintained in Vero cell cultures were used as antigens, as well as anti-bovine IgG conjugate (Sigma, St Louis, MO, USA), at a 1:1200 dilution. Test sensitivity and specificity were estimated at 98% and 99%, as described by Packham et al. (1998) .
Serum samples were considered positive when most of the fixed tachyzoites (>50%) showed total peripheral fluorescence at a 1:100 dilution. Reactions with partial or apical fluorescence were considered negative (BJORKMAN & UGGLA, 1999) . Each slide contained serum previously shown to be non-reactive (negative control) and serum known to be reactive (positive control). This positive control serum was previously shown to 
Prevalence, statistical and spatial analysis
Anti-N. caninum antibody prevalence on the farms and among the animals were expressed in the form of confidence intervals (THRUSFIELD, 2007) , and the anti-N. caninum antibody prevalence of the animals were calculated using weighted values (DOHOO et al., 2003) . The following expression was used to determine the weighted value of each animal: (total number of > 24-month-old females on the farm) / (total of > 24-month-old females sampled on the farm) X (total of > 24-month-old females in the region) / (total of > 24-month-old females sampled in the region).
The anti-N. caninum antibody prevalence on each farm was analyzed considering that a farm would be positive if at least one animal tested positive. A multiple logistic regression model was created in several steps, as follows.
Step I -For the continuous variables, a linearity test was performed using Graphs for Log Odds. When the visual evaluation indicated a nonlinear trend, the continuous variable was categorized. The optimization methodology of the software package CatPredi R was used (BARRIO et al., 2017);  Step II -for the categorical variables, a chi-square or exact Fisher test was performed on the results and the various predictor variables, and all the variables with a value of p <0.20 were incorporated into the model;
Step III -the selected variables were tested for collinearity including multicollinearity analysis, according to Vatcheva et al. (2016) , to ensure a mean variance inflation factor (VIF) <10, before applying them in the models;
Step IV -the model was constructed by inserting all the variables selected in the previous steps. The less significant variables (according to the Wald test) were then removed and the logistic regression analysis was repeated. This process was repeated, and the adjusted model compared to the previous one by means of the likelihood ratio test to check for confounding factors. Whenever there was a change of more than 30% in the parameter estimates, the removed variable was considered a confounding factor and again included in the model.
The variables used to construct the herd model were: exploitation type (beef, dairy or dual-purpose); type of rearing (confined or atpasture); use of artificial insemination (yes or no); predominant breed (European beef or dairy, zebu or hybrid); presence of a dogs on the farm (yes or no); presence of sheep or goats on the farm (yes or no); presence of equines on the farm (yes or no); wildlife on the farm (yes or no); presence of free-roaming wild deer on the farm (yes or no); presence of freely-roaming capybaras on the farm (yes or no); whether any cow aborted in the last 12 months (yes or no); how was the aborted fetus or placenta disposed of (incinerated/buried, or other form of disposal); were cows purchased as breeders (yes or no); source from which they were purchased (auction/exhibition, cattle dealer or other farm); were cows or bulls sold for breeding (yes or no); to whom (auction/exhibition, cattle breeder or another farm); was slaughtering performed on the farm (yes or no); how often (monthly or semestrally); location of slaughter of adult males and females at the end of their reproductive life (on the farm itself;
at an establishment not subject to veterinary inspection; at an establishment subject to veterinary inspection; no slaughter); are any paddocks rented at any time of the year (yes or no); are there any wetland areas to which cattle have access on the farm (yes or no); are there separate paddocks for post-calving females (yes or no); is veterinary assistance sought (yes or no); are feeders or water springs shared with other farms (yes or no); does the farm have a drovers' rest area (yes or no) and number of > 24 month-old cows on the farm (≤ 78 females or ≥ 79 females).
The animals were analyzed following the same steps as those used to analyze the farms. However, complex analysis, according to Korn & Graubard (1999) , was applied to the tests in order to correct the effect of the selection of animals, for which weighted values were used, as described above.
The model was built using the following variables: age in years, classified as less than or equal to 6 years and greater than 6 years, the presence of wild animals and that of dogs. The split at the age of 6 years was defined in the optimization methodology of the software package CatPredi R (BARRIO et al., 2017 ) and the average found was 6,167 years.
Based on Kernel estimation, a risk map can be created using spatial data, expressed as: R(s) = λ1(s) / λ0(s); where λ1(s) is the Kernel positive density estimate and λ0(s) is the Kernel negative density estimate. The basic assumption is that risk is spatially constant and is expressed as: R0(s) = n1/n0; where n1 is the total number of positive locations and n0 is the total number of negative locations. The significance of the test was determined by means of the Monte Carlo test (KELSALL & DIGGLE, 1995) . The marked correlation function was used to verify the existence of a spatial pattern, expressed as: Statistical analysis was performed using the R statistical software package (R DEVELOPMENT CORE TEAM, 2015), and the Spatstat package (BADDELEY & TURNER, 2005) . For the spatial analysis, the Kernel intensity estimator was used to analyze the behavior of patterns of points and to estimate the pointwise intensity of the process throughout the entire state.
This study was approved by the Animal Research Ethics Committee of the Federal University of Mato Grosso, under reference no. 23108.112018/2015-45.
Results
Here, in the studied area of the Brazilian northern Pantanal wetland, the anti-N. caninum antibody prevalence of the total population was 25.44% (CI 95%; 20.10%; 30.78%), with titers ranging from 100 and 12,800. The frequency distribution of endpoint titers was as follows: 168 (29.80%) serum samples showed titers of 100; 210 (37.30%) showed titers of 400; 132 (23.40%) had titers of 1,600; 35 (6.3%) had titers of 6,400; and showed 18 (3.20%) titers of 12,800 for N. caninum. Moreover, N. caninum antibodies were detected in at least one animal on 201 of the 262 analyzed farms (Figure 1 ), resulting in a seroprevalence of 76.72% (CI 95%; 71.60%; 81.84%) among herds.
In the multivariate analysis, after the model was applied, three variables were found to be significantly associated with the prevalence of anti-N. caninum antibodies on the farms: the presence of dog, a history of abortion in the preceding 12 months, and the sale of cattle for breeding. Two confounding variables were also found: the presence of capybaras and that of equines (Table 2) . Table 3 describes the relationship between the presence of anti-N. caninum antibodies and the variables of the logistic model. Two variables were significantly associated with bovines testing positive for N. caninum (the presence of dogs and the age of the animal), as indicated in Table 4 . Table 5 described the relationship between the presence of anti-N. caninum antibodies and the variables of the logistic model of the 2,452 animals sampled in the northern Pantanal of Mato Grosso state, Brazil. Figure 2 shows the marked correlation function for the spatial distribution of positive and negative farms. Note that no relationship was found between the location of a farm and the serological findings, since all the values obtained fell within the confidence interval, indicating that the spatial occurrence of positive farms was random.
The spatial distribution of anti-N. caninum antibody prevalence on the farms, based on kernel estimation, indicated that seroprevalence varied from 0.10 to 0.35, with the highest intra-herd seroprevalence in the southern region (Figure 3) .
The spatial distribution of the farms and their seroprevalence showed a marked correlation (Figure 4) , and the prevalence depends on the location of the farm. Points that lay outside the confidence interval suggest that seroprevalence on a farm is related to its location, given that the values of points are lower than 1, indicating regular patterns.
Moreover, a process of repulsion was identified between seroprevalence, and farms with high values were intercalated with farms with low seroprevalence. Farms with high prevalence have, as neighbors, farms with low prevalence, indicating this process of repulsion.
Discussion
Taken together, 76.72% of the sampled farms had at least one animal that tested positive for N. caninum and the high anti-N. caninum antibody prevalence among the animals (25.44%) indicate that neosporosis is widespread in the northern Pantanal of Mato Grosso state, midwestern Brazil.
Comparisons with other studies of anti-N. caninum antibody prevalence should be made cautiously, considering the use of different serological techniques, age at slaughter, sample size and animal population type, according to Dubey et al. (2007) . In Brazil, prevalence of anti-N. caninum antibodies against bovine neosporosis reportedly vary from 6.80% to 89.70%, (GENNARI, 2004; AGUIAR et al., 2006; OSHIRO et al., 2007; MINERVINO et al., 2008; CARDOSO et al., 2012; BRUHN et al., 2013) . In the southwestern region of the state of Mato Grosso, a 53.50% prevalence of anti-N. caninum antibodies was identified in dairy cattle on 24 evaluated farms, and at least one seropositive animal per farm was found (BENETTI et al., 2009) . Moreover, prevalence of 37.56% and 2.45% of animals seropositive for anti-N. caninum antibodies were observed on five farms in the northern region and in the municipality of Nossa Senhora do Livramento, respectively, in the State of Mato Grosso (JUSTO et al., 2013; RODRIGUES et al., 2016) .
The current study demonstrated that 32% of the positive sera had titers equal to or higher than 1,600, demonstrating that the history of abortion in bovines on farms in the northern Pantanal could be associated with infection by N. caninum, given that the analysis of factors associated with the history of abortion indicates that the probability of an animal being seropositive increases by 2.13-fold. According to McAllister (2016) , cows can show high levels of antibodies specific to the pathogen after aborting. The author considers that N. caninum titers of 1,600 are associated with abortion and titers equal to or higher than 6,400 are very probably associated with abortion. Seropositive cows are at higher risk of abortion than seronegative ones because this risk increases with the increase in individual levels of anti-N. caninum antibodies (CORBELLINI et al., 2002) . The possibility of abortion among seropositive cows is two to seven times more likely to occur than among seronegative animals (DUBEY & SCHARES, 2011) , and this risk is 7.4-fold higher among congenitally affected heifers (THURMOND & HIETALA, 1997) . However, an additional study should be performed to analyze the aborted fetus to confirm the infection and lesions by N. caninum. Andreotti et al. (2010) demonstrated in a study conducted in beef cattle herds from Brazil's southern Pantanal wetland of the Mato Grosso Sul state, that the presence of N. caninum seropositive heifers has caused a significant impact on reproduction, with a reduction of 21.88% in the extraction rate of the herd. Furthermore, there was a negative impact on the herd benefit rate with the presence Brazil (BARROS et al., 2011) . So, further studies are necessary to evaluate the possibly impact on reproduction and the economic losses caused by neosporosis in the studied area, since the main economic activity in the northern Pantanal of Mato Grosso state is grass-fed cattle farming. It was observed that presence of dogs was found to increase the probability of detection of anti-N. caninum antibodies in bovines and farms by 1.25 and 1.83-fold, respectively. The presence of a dog on a farm as a potential risk factor for bovine neosporosis, because dogs are the definitive host for N. caninum, and are responsible for the introduction of the disease in cattle herds (MCALLISTER et al., 1998; GOODSWEN et al., 2013) . Furthermore, dogs allowed to roam freely on cattle ranches showed a higher rate of seropositivity for N. caninum than confined dogs, because they are more likely to eat fetuses or placenta from cows infected with N. caninum (SCHARES et al., 2003 (SCHARES et al., , 2004 ROBBE et al., 2016) .
The association of neosporosis with the sale of males and females for breeding (2.30-fold probability) may have to do with the disposal of animals due to reproductive problems, since the main economic activity in the northern Pantanal of Mato Grosso state is pasture-based cattle farming, especially in the phases of growth and fattening (ABREU et al., 2010) . This information is important for the adoption of measures to control neosporosis in the region given that, in herds where the disease is endemic, seropositive females are often responsible for perpetuating the disease for generations because they can produce congenitally infected calves (BJORKMAN et al., 1996) . The endogenous transmission rate varies from 41 to 86% (MCALLISTER, 2016) .
The exploratory spatial analysis carried out in this study indicated that the distribution of farms with respect to the spatial relative risk of the disease is constant in space. No conglomeration, or clusters that indicate that high prevalence farms have neighbors with high prevalence and farms with low prevalence have neighbors with low prevalence, was observed in the region under study, and the occurrence of at least one animal positive for N. caninum was found to be independent of its geographic location in the northern Pantanal of Mato Grosso state. However, Boas et al. (2015) reported the birth of weak calves and the presence of N. caninum on farms located near one another in northern Brazil, indicating the occurrence of aggregation of the disease.
Studies have suggested that there is a difference in the risk of N. caninum infection among different geographical regions, production systems and environmental temperatures (RINALDI et al., 2005; GHALMI et al., 2012) , and that there is a prevalence of anti-N. caninum antibodies in herds that live in regions with higher temperatures (SCHARES et al., 2003; RINALDI et al., 2005) . In this study, the absence of conglomeration is likely attributable to the fact that the farms have similar cattle production management systems. Moreover, farms located in the same geographic area are exposed to the same weather conditions. However, with respect to anti-N. caninum antibody prevalence among animals on the farms, it was also found that the farms with the highest prevalence were located in the southern part of the region under study. This may have to do with the individual characteristics of these farms, which directly influence the number of seropositive bovines. Dubey et al. (2007) stated that risk factors associated with higher animal seropositivity rates were an increase in the number of dogs on the farm, the presence of N. caninum intermediate hosts, the adoption of supplementary feeding practices, an increase in bovine herd density, and the practice of replacing heifers with those bred on the farm. Silva et al. (2008) found that farms with higher anti-N. caninum antibody prevalence had animals whose nutritional status was classified as poor, whereas seroprevalence were lower on farms where the animals' nutritional status was normal.
Few studies have investigated possible effects on the spatial distribution of infection by N. caninum in bovines, although a significant positive correlation has been identified with the population density of dogs on ranches and with the vegetation profile (SCHARES et al., 2003; RINALDI et al., 2005) . Therefore, further analyses are needed to investigate the effects of such covariates in the Brazil's northern Pantanal ecoregion.
Conclusions
This is the first study that has identified anti-N. caninum antibody prevalence in bovines and farms located in the Brazil's northern Pantanal wetland. Bovine neosporosis, which is widely distributed throughout this region, is associated with a history of abortion, the presence of dogs, and the sale of breeding cows. Spatial analysis demonstrated that the relative risk of the disease is constant in space, and that the farms with the highest anti-N. caninum antibody prevalence are located in the southern part of the region under study.
